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fo r  
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Foreword 
Under National Aeronautics and Space Administration Contract NASW-869 
with The Bunker-Ramo Corporation, Section 3.1.6.3 spec i f ied  t h a t  a f i n a l  
report  s h a l l  be prepared including a summary of a l l  work performed under the  
contract  and conclusions derived therefrom. 
summary report .  
The present report  i s  t h a t  f i n a l  
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I. S W Y  
Under the  contract  schedule of  National Aeronautics and Space Administra- 
t i on  Contract NASW-869, The Bunker-Ramo Corporation i s  charged with the  respon- 
s i b i l i t y  of conducting ce r t a in  study and research e f f o r t s  i n  the area  of space 
c r a f t  and a i r c r a f t  system desi@, analysis, and synthesis.  The general objec- 
t i ves  of t he  study were (1) t o  synthesize and analyze ex is t ing  data per ta ining 
t o  manual control  systems, and (2 )  t o  evaluate c r i t i c a l l y  f ace t s  of manual con- 
t r o l  system theory wherein in su f f i c i en t  o r  inconsis tent  data exist. 
Specif ical ly ,  under the  scope of work defined f o r  Contract NASW-869, four  
major work areas are noted: 
measurement c r i t e r i a ,  (3) p i l o t  re-entry guidance and control ,  and ( 4 )  p i l o t  
booster guidance and control .  
t o r ,  a f i f t h  area was added: 
and associated areas. 
(1) manual control system theor ies ,  (2 )  performance 
Based on the request of the  NASA Technical Moni- 
( 5 )  survey of  Russian l i t e r a t u r e  i n  manual control  
I n  t h i s  f i n a l  summary report  fo r  contract  a c t i v i t i e s  t h e  following completed 
items a re  noted: 
1. Reports Issued. 
contract  concerned technical  Topical Reports. 
issued. Two of these have subsequently been issued as NASA Contractor Reports, 
and we m t i c i p a t e  addi t ional  NASA Contractor Reports appearing after the  end 
of the  contract .  
During the  contract period the  major output of the  
Some e ight  such reports were 
2. Presentations.  Pa r t  of our professional respons ib i l i ty  i s  the  presenta- 
t i o n  of technical  papers before professional soc ie t ies .  
period, six such presentations were made. 
During the contract  
3. Published Papers. From the  material generated during the contract ,  
th ree  papers were published i n  outside media with f u l l  c r e d i t  being assigned 
t o  NASA support. 
4. Monthly Meetings. The contract  schedule required t h a t  cer ta in  monthly 
technical  meetings be held a t  times and places designated by the  NASA Technical 
Monitor. A t o t a l  of 22 such meetings were held during the  cor?tract period; a 
shor t  Memorandum describing the content of each meeting i s  included i n  Appendix A. 
5 -  Summary of Major Areas. Within the f ive  major areas defined above, a 
summary has been provided of the  major a c t i v i t i e s  within each of the  f i v e  areas.  
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11. REPORTS ISSUED 
I 
I 
I 
L 
A s  noted i n  Section 3.1.6.1 of the  Contract Schedule, t he  major material  
output of t h i s  program i s  the technical Top ica l  Report covering the  technical  
work performed under the contract .  
following Topical Reports were completed: 
Duringthe duration of the  contract ,  t he  
Obermayer, R. W . ,  and Muckler, F. A. Modern Control System Theory and 
Human Control Functions. 
Obermayer, R. W . ,  and Muckler, F. A. On the  Inverse Optimal Control 
Problem i n  Manual Control Systems. 
Obermayer, R. W .  Simulation, Models, and Games: Sources o f  Measurement. 
Mil ler ,  A. B. P i l o t  Re-Entry Guidance and Control. 
Bertone, C. M. A Bibliography of Russian Sc ien t i f i c  and Technological 
L i t e r a t u r e  i n  Manual Control Systems and Associated Areas. 
Bertone, C.  M. A Presentation, Analysis and Comparison of Czechoslovakian 
Human Ehgineering Standards w i t h  U. Sa Equivalents. 
Muckler, F. A. Current and Future Trends i n  Manual Control System Research. 
Muckler, F. A. A Survey of Space Fl ig  
a n 2  Cmt??ol. 
NASA Contractor Reports 
Some of the  top ica l  reports  l isted abc 
t - 
r e  
lxperiments f o r  Manned Guidarce 
rere submitted t o  t h e  NASA Tech- 
n i c a l  Monitor f o r  consideration as subsequent pEblications i n  the form of NASA 
Contractor Reports. To date,  two such reports have apj?eared: 
Obermayer, R. W . ,  and Muckier, F. A. On the  Inverse O p t i m a l  Coctrol 
Problem i n  Manual Control Systems. 
A p r i l  1965. 
NASA Corrtractor Report CR-208, 
Bertone, C .  M. A Bibliography of  Russ i a  Sc ien t i f i c  and Technological 
L i t e ra tu re  i n  Manual Control Systems and Associated keas .  NASA 
Contractor Report CR-199, A p r i l  1965. 
It i s  our curren t  understanding t h a t  additional NASA Contractor Reports w i l l  be 
issued af ter  the termination of t he  contract  based on some of t h e  Topical Reports 
l i s t e d  above. 
111. PRESENTATIONS BEFORE PROFESSIONAL, SOCIETIES 
A s  has been our custom i n  the  past  several years, we have par t ic ipa ted  
extensively i n  technical presentations before professional soc ie t i e s .  
following c i t a t i o n s  l i s t  our presentations over t he  contract  duration. 
The 
Obermayer, R. W., and Muckler, F. A. Modern cont ro l  system theory and 
human control  functions. 
i n  Electronics,  IEEE, San Diego, 6 May 1964. 
F i f th  National Symposium on Human Factors 
Muckler, F. A. Current and fu ture  trends i n  manual cont ro l  system research. 
F i f t h  National Symposium on Human Factors i n  Electronics,  IEEE, S a n  
Diego, 6 May 1964. 
Muckler, F. A. 
t ion .  
York, 10 J w e  1964. 
(Chairman) The use of modelling and project ion ir-  simula- 
F i r s t  Systems Engineering Conference, New York Coliseum, New 
Obermayer, R. W .  On t h e  inverse optimal control  problem i n  manual control  
skd ie s .  
Control Systems, Ann Arbor, 3-5 December 1964. 
University of Michigan-NASA Working Conference on Manual 
Muckler, F. A. (Chairman) Man i n  the guidance and control  loop. 11th 
Annual E a s t  Coast Conference on Aerospace and Navigational Equipment, 
IEEE, Baltimore, 23 October 1964. 
Obermayer, R. W . ,  and Muckler, F. A. Modern optimal control  theory and 
mathematical mndels of human operator performance. 
Convention, New York, 23 March 1965. 
IEEE In te rna t iona l  
I V .  PUBLISHED PAPERS 
As noted i n  the  contract  schedule, permission i s  given t o  publish i n  scien- 
t i f i c  and technical  media provided i n  proper recognition i s  given t o  EASA sapport. 
%ne following published papers have appeared with exp l i c i t  recognition of NASA 
contractual  funding. 
Obermayer, R. W . ,  and Muckler, F. A. Modern control  system theory arld human 
cont ro l  functions.  
i n  Electronics IEEE, pp. 191-210. 
Proceedings F i f t h  nat ional  Symposium on Hmxn Factors 
Obermayer, R. W. S k u l a t i o n ,  Models, and Games: Sources of Measurement. 
Humm- Factors, 1964, - 6(6) ,  i n  press. 
Obermayer, R. W . ,  and Muckler, F. A. 
i n  manual control  systems. 
Pa r t  6: 
On the  inverse optimal control  problem 
1965 IEEE Ic te rna t iona l  Convention Record, 
Human Factors, pp. 153-165. 
No o ther  publ icat ions are ant ic ipated for the  technical  ma5erial generated ucder 
t h i s  cont rac t .  
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V. MONTHLY MEETINGS 
Under the contract  schedule, w e  have been required t o  a t tend ce r t a in  monthly 
technical meetings a t  times and places designated by the  NASA Technical Monitor. 
In general, the purpose of these meetings has been two-fold: (1) t o  review cur-  
rent  a c t i v i t i e s  i n  the area of manual control systems, and ( 2 )  t o  provide techni- 
c a l  consulting services  of various NASA manual guidance and control  spec ia l i s t s .  
During the contract  duration, some 22 monthly meetbgs were held.  The place,  
content, and par t ic ipants  f o r  each of t he  meetings i s  described i n  the  Memoranda 
attached i n  Appendix A. 
V I .  MAJOR WORK AREAS 
A s  noted i n  the  Summary, four  major work areas were defined f o r  t h i s  con- 
t r a c t :  
(3) p i l o t  re-entry guidance and control ,  and ( 4 )  p i l o t  booster guidance and con- 
t r o l .  
( 5 )  survey of Russian l i t e r a t u r e  i n  manual control  and associated areas. In the  
following, a discussion i s  provided of the work performed and the  r e s u l t s  we 
obtained. 
(1) manual control  system theories,  ( 2 )  performance measurement c r i t e r i a ,  
Based on the  request of the  NASA Technical Monitor, a f i f t h  area w a s  added: 
1. Manual Control Svstem Theories 
Analysis of Optimal Control Theory 
One of t he  major object ives  of t he  present program w a s  t o  examine modern 
optimal cont ro l  theory and t o  e s t ab l i sh  t h e  p o s s i b i l i t y  t h a t  some, o r  a l l ,  o f  
t h a t  theory could be used with respect t o  manual control  system problems. 
In  our i n i t i a l  optimism, w e  had hoped t h a t  the  theory was i n  a form t h a t  
would allow ready application t o  the  mama1 control  system problem area.  
i n  f a c t ,  turned out not  t o  be t h e  case. 
cases theo re t i ca l  development i s  i n  a s t a t e  of considerable ferment. 
This, 
The theory i s  very new, and i n  many 
From t h e  theore t ica l  programs under way at  the  present t i m e ,  w e  examined i n  
p a r t i c u l a r  three: 
gramming, and ( 3) Kalman's Solution for Linear  Systems. As the  study developed, 
it became apparent t h a t  Kalman's work was most promising, and h i s  technique f o r  
the inverse optimal control  problem seemed most d i r e c t l y  appl icable  t o  our prob- 
l e m  area. 
( 1) Pontryagin ' s M a x i m u m  Pr inciple ,  ( 2) Bellman ' s Dynamic Pro- 
Analytic Invest igat ions 
Modern control  theory and human optimalizing behavior. A very ent ic ing 
p o t e n t i a l  of modern control  theory i s  the p o s s i b i l i t y  of describing the condi- 
t i ons  under which human t racking performance i s  optimal. 
behavior can be described as the  pursu i t  of spec i f ic  performance goals,  and i f  
these goals a r e  adequately achieved t o  permit ident i f ica t ion ,  then specif ica-  
t i o n  of t h e  conditions under which human tracking i s  optimal may lead  t o  an 
If human tracking 
understanding of the  s t r a t eg ie s  and techniques tha t  t h e  human operator imposes on 
the  tracking task.  
Approaches. 
specif ied def in i t ion  of optimality,  t o  derive the  cont ro l  l a w  which w i l l  y i e ld  
optimal performance. 
l a t i o n  of optimal control  laws over a matrix of performance c r i t e r i a ,  and then 
compare against  descriptions of human behavior t o  i d e n t i f y  the nature  of t h e  per- 
formance c r i t e r i a  adopted. Such a technique is  feas ib le  through the  use of  high- 
speed d i g i t a l  computers. Ostensibly, however, a more a t t r a c t i v e  approach i s  
avai lable .  
theory computations t o  f ind  d i r e c t l y  the  performance index optimized by a given 
control  law, ra ther  than the  ordinary way, of f inding a control  l a w  which op t i -  
mizes  given c r i t e r i a .  
For a given control  t a s k  a number of methods e x i s t ,  under a 
The opportunity i s  therefore presented t o  allow the  calcu- 
It i s  feas ib le ,  a t  least theoret ical ly ,  t o  i nve r t  optimal control  
Kalman's technique f o r  optimal l i nea r  control  systems. Kalman's solut ion 
appl ies  t o  l i n e a r  systems of any order ( w i t h  possibly time-variable coef f ic ien ts )  
where the  performance index i s  expressed in terms of quadratic forms* (quadratic 
l o s s  funct ions) .  Expressed i n  matrix notation the system equations and the  per- 
formance index take the  following form: 
Here, x i s  the  state vector, u the  control vector,  J the  sca l a r  performance 
index, and the  others are matrices of constants (possibly time-variable) . 
requires t h e  matrices S, Q, R t o  be symmetric, R must have an inverse,  and the 
bracketted quant i ty  must be pos i t ive  def ini te .  
of the weighting of t he  state a t  terminal time ( t f ) ,  the  t ime-history of t he  s t a t e  
var iables  during the intermediate t ra jectory,  and the  t ime-history of the use of 
control ;  t he  r e l a t ive  weighting of each of these f ac to r s  i s  determined by t h e  
matrices, S ,  Q and R respectively.  
K a l m z l  
The performance index i s  cmposed 
For any system of t h i s  qui te  general form, Kalman asserts tha t  the  optimal 
cont ro l  l a w  i s  a l i n e a r  feedback of the state vector. 
u = ( -  R-~GTP)X 
Here t h e  matrix P ( t )  satisfies a matrix Riccati d i f f e r e n t i a l  equation: 
*With a quadratic form, the terms a re  weighted cross-products and squares of the 
s t a t e  var iables;  e.g. 
6 
-1 T f, = PGR G P -PA -A% -Q 
P (tf) = s 
Inverting Kalman's technique. There are a number of cha rac t e r i s t i c s  of the  
manual cont ro l  tasks f o r  which mathematical models a re  avai lable ,  which permit 
working Kalman's technique backwards. These are:  
1. The human operators are tracking continuously throughout an experimental 
They a re  not t ry ing  t o  achieve any pa r t i cu la r  s t a t e  a t  t h e  end of the 
This permits 
t r i a l  without giving any pa r t i cu la r  consideration f o r  conditions terminating the 
t r ia l .  
t r i a l  (a t  least they are given no instruct ions t o  t h i s  e f f e c t ) .  
matrix S t o  be set t o  zero. 
2.  The control  l a w  i s  specif ied as a constant re la t ion  ( s ince  the human 
operator model has constant coeff ic ients) :  Under these conditions,  
the result i s  given by the  steady state solution of the  Riccati  matrix d i f f e r -  
e n t i a l  equation. 
U = -KX 
Under t h i s  condition 6 = 0. 
Kalman's solution, i n  the  form shown here, i s  only applicable i f  the manual 
control  task corresponds t o  the  regulator  problem. 
f o r  the servomechanism problem i s  not current ly  possible.  
An e x p l i c i t  nont r iv ia l  r e s u l t  
With the above provisions,  one i s  l e f t  w i t h  only t h e  task  of solving f o r  
For a given constant control  system, the  control  
performance matrices.R and Q, and t h e  Rica t t i  d i f f e r e n t i a l  equations becomes an 
algebraic equation ( P  = 0) .  
l a w  i s  known; i f  the feedback gains a re  inser ted i n  the above equations one may 
of the performance matrices. It should be pointed out  here tha t  it i s  not pos- 
s i b l e  t o  w r i t e  a suf f ic ien t  number of equations t o  solve f o r  a l l  unknown elements 
of t he  performance matrices. It is  necessary t o  normalize with respect t o  the  
weighting on the control  input ( R  = l), and even then i s  only possible  t o  solve 
f o r  n elements of the Q matrix (where n i s  the order of t he  t o t a l  system). In  
the  following t h i s  means that  the  Q matrix weighting the  s t a t e  var iables  takes 
on the  following form: 
4L-n u lGl1 "h-ITTO u w - L v L  z system nf simidtzmeous algebraic equations f o r  the unknown elements 
While o ther  var ia t ions may be reasonable (however, Q must be pos i t ive  d e f i n i t e ) ,  
t h i s  s e l ec t ion  weights only the squares o f  t he  state var iables ,  assuming no 
weighting of cross-products of the  s t a t e  var iables  ( i .e . ,  no requirement t h a t  the  
state var iab les  are correlated) .  
A Computer Invest igat ion 
To inves t iga te  the  s u i t a b i l i t y  of inverse optimal control  techniques t o  the  
study of human tracking behavior, the inverse technique suggested by Kalman's 
so lu t ion  w a s  programmed f o r  a high-speed d i g i t a l  computer. The basic  approach 
w a s  t o  program fo r  d i g i t a l  computer computation and compute the  optimal perform- 
ance indices corresponding t o  ex is t ing  models of human operator tracking. 
The technique outlined i n  the  previous sect ion p r o d x e s  two computational 
problems: f i rs t  for a given control  system, a system of simultaneous l i n e a r  
algebraic equations must be set  up, and then t h e  system of equations must be 
solved f o r  the  coeff ic ients  of the l o s s  functions. 
programs were wr i t ten  i n  the FORTRAN computing language, with slight changes 
necessary f o r  d i f f e ren t  system dynamics. 
Correspondingly two basic  
The da ta  were taken from McRuer and Krendel (1957) and Adams (1963). In  
the  case of t he  McRuer-Krendel data  ( i . e . ,  Russell, Franklin I n s t i t u t e  and 
Elkind data)  the l a g  term i s  ignored f o r  computer comp;rtation. Tne Adam's 
model incorporates equal roots i n  the  denominator, yielding an ambiguous partial  
f rac t ion  expansion; i n  th i s  case,  the computer was set  up with unequal roots ,  
separated s l i g h t l y ,  and a number o f  runs were made with decreasing aifference 
between roots  t o  assue  t h a t  the solutions were well-behaved. 
Results. The results of t he  d i g i t a l  computer programs a re  shown i n  Tables 
1, 2, and 3. 
weighting of the s ta te  var iables  i n  t h e  performance index, which depend t o t a l l y  
on the  matrix Q. The number of s t a t e  variables and hence the order of Q depends 
upon the  order of the t o t a l  man-machine system (human operator dynamical model + 
control led element dynamics) . 
A s  the problem i s  defined, the r e s u l t  i s  given i n  terms of t he  
Discussion. Through the  above analytic a c t i v i t y  a method f o r  computing the 
bas i s  f o r  human optimal behavior was developed. Although some modes of behavior 
may be beyond the implicit def in i t ions  of optimal performance, axd the  technique 
r e q d r e s  f u i i  and unabbreviaied matheiiiaticd msdels of n p ~ r a t n r  control ,. f o r  
most eases a weighing matrix can be computed which describes a basis under which 
the  cont ro l  was optimal. Although t h i s  a c t i v i t y  was qui te  exploratory, it ap- 
Fears t h a t  t he  technique used may provide a useful t o o l  for t he  study of himan 
optimalizing behavior. 
Examination of the  bases f o r  optimal cont ro l  theory point  up tlna-t; t he  con- 
cept of "optimal" control  i s  somewhat elusive md at  odds w i t h  t h e  usual eoneept 
of - the optimum. O p t i m a l  control  theory i n i t i a l l y  assumes t h a t  the  def in i t ion  of 
opt imal i ty  i s  given, and a l l o w s  a broad range of possible  def in i t ions .  When one 
attempts t o  inve r t  t h e  process t o  f i n d  the  conditions under which a given con- 
trol system i s  optimal, he f inds tha t  the  given system may simultaneously opt i -  
mize  on various c r i t e r i a ,  and tha t  some o f  t h e  c r i t e r i a  optimized may not  be 
"good'' i n  t h e  sense of normal eoritrol engineering objectives.  
objectfves implied i n  the  study of humm optimalizing behavior deserve fu l l  and 
de ta i l ed  study. 
The theo re t i ca l  
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TABLE 1 
POSITION CONTROL: FIRST ORDER SYSTE! ELKIND S DATA 
1 
'TI C OND . K Q 
R .96 
m.6 
R2.4 
F1 
€2 
F3 
B1 
B2 
B3 
B4 
B5 
B6 
B9 
B10 
2.113 
3 350 
2.818 
1 a89 
0.8912 
0.9660 
3 589 
7 674 
9333 
7079 
17 78 
44.67 
1.047 
- 
3.65 
3 977 
1.885 
1.13 
0.314 
0.1885 
4.78 
5 -03 
1.88 
1.00 
2.82 
12.6 
12.6 
12.6 
115 07 
38.9 
22.9 
74.3 
96.1 
71.0 
6.82 
346. 
311. 
409. 
456 e 
74.1 
507 - 
TABLE 2 
SECOND AND THIRD ORDER S Y S W  
I'm 
" -L K 8 3  
.04 
.11 
.2 
.22 
.314 
785 
1.73 
.88 
3.14 
0.1 
0.13 
3 
+ 36.720 
+ 420.84 
+ 25.410 
+ 503.14 
+ 5674.3 
+19076.7 
117813. 
+ 58301. 
+ 5279. 
+ 3053.6 
+ 8467.2 
3 -5045 
t 168.96 
+ 153.45 
f 19.250 
- 44.040 
- 146.80 
- 257.60 
- 589.60 
- 452.60 
- 111.14 
100 
40 
1 . 5  
53 -09 
m b  
37 58 
3l.5db 
13 34 
22.5db 
5 623 
15.0db 
14.45 
23.2db 
9. Odb 
2.818 
17.7 
10. 
7.55 
1.5 
4.55 
11.0 
1.885 
6.22 
12.3 
30.3 
17.8 
6.28 
95 
2.0 
3.0 
0.68 
0.9 
2 
Franklin: 
Elkind: 
f g.004! 
t6158.1 
t2688.o 
Russell : 25 
14 
-109.2 
- 84.000 
TABLE 3 
2/s DYNAMICS ADAM'S DATA 
32.2 
23.1 
8.61 
10.22 
14.02 
24.6 
16.0 
5-93 
2.27 
3 003 
1.492 
2.324 
2.324 
1.492 
2.70 
0 571 
A =  B 
4.54 
5.0 
3.03 
3 945 
2.0 
3.45 
3 903 
4.0 
Qll I Q22 
+5345 -7 
+4902.5 
+ 165.26 
+ 564.69 
+ 64.151 
+3269.8 
+ 256.86 
+ 570.31 
-1-1037.1 
-1- 288.88 
-1- 76.564 
-1- 20.004 
-1- 244.70 
1- 401.90 
t- 260.52 - 31.226 
Q33 
-64.401 
-46.203 
-17.220 
-49.201 
-32.000 
-11.860 
-20.441 
-28 040 
The r e s u l t s  obtained i n  the  above analytic a c t i v i t y  do not point t o  consis- 
t en t  optimalizing behavior. However, upon fu r the r  examination of t he  results 
one i s  incl ined t o  say that  t h e  human operator may be capable of optimizing 
w i t h  regard t o  various c r i t e r i a ,  and that the s c a t t e r  of results may indica te  
differences i n  human goals and s t r a t eg ie s  rather than the a b i l i t y  of the opera- 
t o r s  t o  produce equivalent results. Our experimental methodology i s  lacking i n  
t h i s  respect f o r  the  subjects  i n  o u r  experiments are usually e i t h e r  given vague 
ins t ruc t ions  and/or are experienced control engineers operating on unreported 
c r i t e r i a .  Further study i s  recommended t o  improve our experimental methodology, 
and what i s  more c r i t i c a l ,  t o  point  up design techniques f o r  the  control  and 
aiding of spec i f ic  bases for human optimalizing cont ro l  behavior. 
Survey of Current Technology 
Of p a r t  of our general contract  objective t o  point out areas of deficiency 
i n  the manual control  system area,  a survey w a s  conducted on current  and fu ture  
trends i n  manual control  system research. 
Based on an assessment of pas t  and present theore t ica l ,  experimental, and 
methodological work i n  the area, four d i s t inc t  problem domains were examined. 
F i r s t ,  the  most exc i t ing  and ac t ive  area i n  manual control  research today i s  t h e  
development of quant i ta t ive  theory; t h i s  should be the  major fu ture  research 
area. Second, there  s t i l l  appears t o  be, a f t e r  t h i r t y  years of empiricism, a 
grea t  deal of de ta i led  ignorance about the f i n e ,  or microstructure, d e t a i l s  of 
human behavior i n  control  systems; the experimental s t ra tegy  of the pas t  has not 
p a r t i c u l a r l y  helped i n  reducing our uncertainty. 
t i ce  of t h e  development, simulation and t e s t  of manual control  systems seems t o  
be on very favorable grounds; w e  have the too ls ,  the  methods, and the  experience 
t o  develop, simulate and t e s t  hardware. Fourth, the only basic technical  prob- 
l e m  w e  have yet t o  Overcome i n  the design of manual control  systems i s  i n  the 
a l loca t ion  of control  function; t h i s  problem has seemed t o  be most in t rac tab le  - 
and most e s s e n t i a l  f o r  solution. 
Third, the  technology and prac- 
It w a s  our hope t h a t  during the  execution of t h i s  contract  w e  might, as a 
by-product, contr ibute  some theo re t i ca l  steps i n  solving the a l loca t ion  of con- 
t r o l  funct ion problem. Our hopes were no t  j u s t i f i ed .  Further, w e  f i n d  o u r  
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apprehension about t h i s  problem does not seem t o  be shared by many of t h e  cont ro l  
system spec ia l i s t s  with whom w e  have exchanged informal discussions. 
cialists do not have any solut ions,  but do no t  appear t o  be as concerned with the  
problem as w e  are. 
These spe- 
2. Performance Measurement Criteria 
Optimal Control Theory 
In the previous discussion of our approach t o  modern optimal control  theory 
and manual control ,  much was m a d e  of t he  problem of specifying the performance 
index and t h e  performance matrices. 
cen t r a l  t o  t he  appl icat ion of t h a t  theory. 
The importance of so doing e x p l i c i t l y  i s  
One of the  major problems, it appears t o  us, i n  t he  manual control system 
l i t e r a t u r e  i s  the  methodological one of  performance measurement. There a re  no 
standardized s e t s  of measures by which spec ia l i s t s  evaluate e i t h e r  man-machine 
system performance or human operator performance. Even quant i ta t ive theory i n  
t h i s  area has been l i t t l e  help s ince a minimum e r r o r  term has generally been 
taken as the output c r i t e r ion .  
how the  measure was generated. 
Such a score has also minimum information about 
In  design and hardware evaluation, such measures may be acceptable. From 
F i r s t ,  we may wish merely t o  know i f  the  performance measure i s  within 
the measurement standpoint, e i t he r  one of two methodological c r i t e r i a  are of ten 
dominant. 
ce r t a in  boundary conditions. 
ex i s t s  between conditions. 
surement, bu t  it i s  probably adequate for t he  iiifoi-iiratlon needed. 
Second, we  may wish only t o  know i f  a difference 
I n  e i t h e r  case, this i s  not  very sophis t icated mea- 
If, however, w e  are concerned w i t h  t h e  f i n e  s t ruc ture  of human cont ro l le r  
behavior considerably more a t ten t ion  must be given t o  meaningful measurement of 
operator performance. One of the  advantages of modern cont ro l  theory as w e  are 
using it i s  t h a t  it forced the  measurement of the f i n e  s t ruc ture  of control  
behavior. 
Simulation and Measurement 
Since manual control  system simulation i s  an important and reasonably 
accepted t o o l  i n  the design of manual control systems, we prepared a spec i f ic  
report  on the  general topic  of simulation, models, and games and the  measurement 
appropriate t o  them. 
Any simulation, model, o r  game may be considered t o  be an analogy. They 
resemble i n  some way something e l se  about which information i s  desired.  We may, 
therefore ,  measure an analogy instead o f t h e  real-world object.  The c r i t i c a l  
dimensions of t h e  analogy are  the l eve l  of abstract ion and the f i d e l i t y  of simu- 
l a t i o n  t o  t h e  real-world object .  However, i f  t h e  object i s  t o  measure, t h e  most 
c r i t i c a l  aspect i s  the v a l i d i t y  of measurement. 
always a p r a c t i c a l  concept. 
information, several  c lasses  of simulation s tudies  were analyzed w i t h  respect 
t o  information object ives  i n  an attempt to derive some basic  c r i t e r i a  f o r  mea- 
sure  se lec t ion .  
Unfortunately, v a l i d i t y  i s  not 
Since the objective of measurement i s  t o  derive 
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3. P i l o t  Re-Entry Guidance and Control 
A s  p a r t  of our i n t e r e s t  i n  t h i s  problem area,  it appeared t h a t  a statement 
of the current  knowledge on p i l o t  re-entry capab i l i t i e s  and l imi ta t ions  would 
be useful.  Accordingly, a report  w a s  prepared examining the  current  l i t e r a t u r e .  
In  t h a t  report  some of the  problems confronting the p i l o t  during a manually 
control led re-entry were considered as well as some of t h e  areas  where addi t ional  
research could most p ro f i t ab ly  contribute t o  a more complete knowledge of manual 
control .  
sever i ty  of manual control  maneuvers w a s  discussed i n  terms of the energy ava i l -  
able  t o  control  the vehicle and i n  terms o f  the  display-control re la t ionships  as 
they r e l a t e  t o  the functions performed by the  human operator. 
The re la t ionship  of re-entry vehicle configuration and the  nature and 
The importance of t r a in ing  through simulation was s t ressed,  and some of t he  
areas where addi t ional  simulation studies a re  needed was pointed out.  
shown tha t  t he  problem of escape continues t o  be a c r i t i c a l  area which requires 
considerable e f f o r t  i f  a r e l i ab le  solution i s  t o  be at ta ined.  
It w a s  
With regard t o  fu ture  needs, it was point out t h a t  simulation s tudies  w i l l  
continue t o  be one of the  most important and e s sen t i a l  vehicles f o r  researeh i n t o  
manual control  problems and t h a t  many more s tudies  of the  basic  behavioral com- 
ponents of manual control  a r e  needed i n  order t o  develop more complete models of 
the  human control  process. Finally,  several  a r t i c l e s  were thoroughly summarized 
which are representative of the  research now being car r ied  out concernipg manual 
control  during re-entry. 
4. P i l o t  Booster Guidance and Control 
This topic  w a s  included i n  the or iginal  work statement so t h a t  the NASA Tech- 
n i c a l  Monitor might take advantage of our considerable pas t  experience i n  t h e  area 
if technical  consultation was desired within the  NASA. 
a very l imi ted  amount of such consulting services  w a s  required. 
During the contract  period, 
Two contacts were made with NASA spec ia l i s t s  during the contra& period. On 
9-12 December 1963, F. A. Muckler consulted with guidmce and control  s p e c i a l i s t s  
a t  the  Manned Spacecraft Center i n  Houston (see Appendix A, Monthly Meeting No. 2 ) .  
On 30-31 January 1964, F. A. Muckier consulted with guidance and control  special-  
i s t s  d i r e c t l y  inves t iga t ing  p i l o t  booster control  a t  t h e  NASA Marshall Spaceflight 
Center i n  Huntsvil le ( s ee  Appendix A, Monthly Meeting No. 4 ) .  
5. A Survev of Russim Li te ra ture  
Based on the i n t e r e s t  of the NASA Technical Monitor, we added a f i f t h  area 
of study within the contractual  scope of work. 
s i an  s c i e n t i f i c  and technological l i t e r a t u r e  i n  manual control  and associated 
areas. 
Our objective was t o  survey Rus- 
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A report  w a s  prepared and submitted i n  t h i s  area. Some 917 documents were 
reviewed i n  the following areas: 
1. 
2. 
3. P i l o t ,  a i r c r a f t ,  and space vehicles 
4. Manned f l i g h t  simulators 
5. Theory of control systems 
6. Air t r a f f i c  cont ro l  
7. 
8. 
H U ~  engineering (manual control systems) 
Airborne f l ight  displays and f l i g h t  control  techniques 
Psychology (as applied t o  human engineering) 
Other manual control  systems (e .g . ,  submarines, cars ,  e tc . )  
Wherever possible,  American source information f o r  the c i t e d  references w a s  given. 
Consideration w a s  given t o  the  Russian s c i e n t i s t s  who seem t o  be generating 
most of the current  material ,  the  i n s t i t u t e s  t h a t  are  producing t h i s  material, and 
the  spec i f ic  media i n  which information i s  appearing. 
points  were uncovered: 
A number of i n t e re s t ing  
1. V e r y  l i t t l e  has been wr i t ten  by Americansconcerning Soviet work i n  t he  
areas of i n t e re s t .  
2. A wealth of information concerning the work of Soviet  s c i e n t i s t s  i s  
avai lable  i n  t h i s  country. 
3. Translation services  should be expanded, aad spec i f ic  recommendations 
were made t o  the  NASA Technical Monitor. 
4. Manual control  reports were l imited,  a t  least as t o  material being 
reported i n  the open l i t e r a t u r e .  
however, r ead i ly  avai lable  i n  very la rge  quant i t ies .  
Information on automatic cont ro l  systems is ,  
5. The area of human engineering seems wel l  documented. P r io r  t o  1962 
After 1962, human engineering reports  
t he  term "human engineering" w a s  not found although a r t i c l e s  per t inent  t o  the 
f i e l d  were found da t ing  back t o  1896. 
increased a t  a very high rate. 
Contract Personnel 
During the &na t ion  of contract  NASW-869, the  following technical  spec ia l i s t s  
contr ibuted t o  technical  a c t i v i t i e s :  
1. Richard W. Obermayer 
2. Carmen M. Bertone 
3. Albert B. Miller 
4. Frederick A. Muckler 
APPENDIX A 
Monthly Meeting Memoranda 
6 December 1964 
To : M r .  V. Kloster 
cc : Messrs. R. W. Obermayer, S. C-. Hasler, C. W. North, Jr. 
From: F. A. Muckler 
Subject: Contract NASW-869, Monthly Meeting No. 1, 4 December 1963 
Part ic ipants :  M r .  Robert W .  Taylor, NASA Technical Monitor 
F. A. Muckler, Martin Company 
Place: NASA Headquarters, Washington , D. C . 
The major purpose of t h i s  meeting was two-fold: (I) a review of the  
reports  generated under Contract NASw-718, and (2 )  a preliminary review of 
tlie irrajor z m t r a z t  a c t i v i t i e s  1-111der Contract NASW-869. 
1. 
the top ics  of a summary of the s t a t e  of the art  i n  manned booster guidance 
and cont ro l ,  a review of performance measurement i n  f l i g h t  simulation stud- 
ies ,  and a c r i t i c a l  review of t he  l i t e r a t u r e  on the  e f f ec t s  of control  
system lags  on man-machine system performance. The main conclusions of  
each repor t  were discussed. 
Under Contract ~ ~ ~ w - 7 1 8 ,  three reports  were generated including 
2.  As had been previously agreed, t he  technical  a c t i v i t i e s  of Con- 
t r a c t  NASW-869 a re  t o  be conducted under four  major headings: 
cont ro l  system theory and manual control systems, (b )  development of stand- 
ardized c r i t e r i a  f o r  man-machine systems performance measurement, ( e) con- 
t inua t ion  of e f f o r t s  on manned booster guidance and control ,  and (d)  i n i t i a l  
e f f o r t s  i n t o  the area of p i lo t ed  space vehicle  re-entry guidance and control .  
(a)  modern 
It was a l s o  agreed t h a t  we would be avai lable  f o r  short-term technical  
consul t ing services  t o  spec ia l i s t s  at t h e  various NASA research centers  as 
requested i n  those areas where our past experience m i g h t  be of value. 
Frederick A. Muckler 
1 5  December 1964 
To : M r .  V. Kloster 
cc: Messrs. R. W. Obermayer, S. G. Hasler, C. W. North, Jr. 
From: F. A. Muckler 
Subject: Contract NASW-869, Monthly Meeting No. 2, 9-12 December i963 
Part ic ipants :  D r .  R. B. Voas, Manned Spacecraft Center 
Capt. J. Loftus, MSC, Project Apollo 
M r .  R. Chilton, MSC, Guidance and Control Division 
M r .  D. Cheatham, WC, Guidance and Control Division 
Mr. J. Bilodeau, WC, Crew Operations Division 
D r .  W .  Fedderson, MSC, Space Medicine Branch 
D r .  F. A. Muckler, Martin Company 
Place : NASA Manned Spacecraft Center, Houston, Texas 
The major purpose of t h i s  meeting w a s  a reciprocal  exchange of infor-  
mation on current MSC technical problems and our cur ren t  technical programs. 
Of p a r t i c u l a r  i n t e r e s t  was the approach of MSC t o  manual control  system 
design. Three major groups were contacted. 
1. D r .  Robert B. Voas and Dr. W. Fedderson represent t he  major human 
engineering e f f o r t s  at  the  MSC. I t  was noted tha t  t h e i r  current  programs 
are not d i rec ted  toward manned guidance and cont ro l  problems, but r a the r  t o  
o ther  major l i f e  support and human engineering areas.  This i s  not due t o  
lack  of i n t e r e s t  o r  recognition but rather t o  the  f a c t  t h a t  they do not have 
t h e  technica l  capabi l i ty  t o  staff such types of effor+,s. 
2.  MI-. R. Chilton and MI-. D. Cheatham, of t he  Guidance and Control 
Division, are pr imari ly  responsible f o r  a l l  manned flight simulation work 
conducted a t  MSC. Although in  the process of moving t o  the  new MSC s i te ,  
they are attempting t o  generate an extensive manned f l i g h t  simulation pro- 
gram. This group represents our ma jo r  fu ture  technical  contract  a t  MSC. 
3. Capt. J. Loftus and M r .  J. Bilodeau are concerned with crew opera- 
t i ons  and pa r t i cu la r ly  crew t ra in ing  f o r  Project  Apollo. Very extensive 
f l i g h t  simulation f a c i l i t i e s  are being constructed f o r  Apollo astronaut 
t r a in ing .  O f  note at t h i s  t i m e  is  the technique f o r  v i sua l  p ro j ec t io i  dis- 
play systems, an extremely d i f f i c u l t  and important simulation problem area. 
4 7 7  ' 0- 
Frederick A. Muckler 
17 January 1964 
To : M r .  V. Kloster 
cc : Messrs. R. W. Obermayer, S. G. Hasler, C. W.  North, Jr. 
From: F. A. Muckler 
Subject: Contract NASW-869, Monthly Meeting No. 3 ,  15 January 1964 
Part ic ipants :  M r .  Robert W. Taylor, NASA Technical Monitor 
D r .  F. A. Muckler, Martin Company 
Place : NASA Headquarters, Washington, D. C .  
The purpose of t h i s  meeting w a s  a rout ine review of current  contract  
a c t i v i t i e s  under Contract NASW-869. 
concentrating heavily on two o f  t he  four major technical  areas a t  t h i s  time: 
Under our current  schedule, we are 
1. The formal appl icat ion of modern control  theory t o  manual control  
system problems i s  of major  i t ~ i p O ~ * t ~ i ~ ~ .  At the przsen-k t i m e ,  t he  vnrk is 
e s s e n t i a l l y  i n  the  character of a detai led and c r i t i c a l  f e a s i b i l i t y  study 
t o  uncover the formal theore t ica l  bridges between modern cont ro l  theory 
and the applied problems of manual control system design. 
2 .  In t e re s t  i n  manual p i l o t  modes of guidance and control  for re- 
en t ry  i s  of more than research concern. We f e e l  t h a t  it i s  t i m e  f o r  a , 
thorough and c r i t i c a l  review of our current knowledge i n  t h i s  area and 
p a r t i c u l a r l y  f o r  some plan f o r  creative research. In our approach t o  the  
problem, we a re  concerned w i t h  the  problem of landing a manned spacecraft  
on any l a rge  land body. 
bridge between modem control  theory defining "optimal" t r a j ec to ry  processes 
and the pa r t i cu la r  mechanization of automatic, semi-automatic, and manual 
modes of guidance and control.  
Further, there exists t h e  p o s s i b i l i t y  of a formal 
+ - f f a u  
Frederick A. Muckler 
M E M O R A N D U M  - - - - - - - - - -  
2 February 1964 
To : Mr. V. Kloster 
cc : Messrs. R. W. Obermayer, S. G. Hasler, C. W. North, Jr. 
From: F. A. Muckler 
Subject: 
Par t ic ipants :  
Contract NASW-869, Monthly Meeting No. 4, 30-31 January 1964 
Mr. Robert W. Taylor, NASA Technical Monitor 
D r .  W.  Haussermann, Director Astrionics Laboratory 
Mr. J. George, Flight Dynamics Branch 
Mr. Robert Gunderson, n i g h t  Dynamics Branch 
I D r .  F. A. Muckler, Martin Company 
Place: NASA Marshall Spaceflight Center, Huntsvil le,  Ala. 
I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
The spec i f ic  purpose of t h i s  meeting w a s  a technical  review of the  cur- 
research on t h i s  problem i s  directed through a J o i n t  NASA Steer ing Committee 
with prime technical  respons ib i l i ty  through the Marshall Spaceflight Center 
a t  Erntsv5lle. 
l r en t  state of the ar t  of p i l o t  booster guidance and control.  Clnrent NASA 1 
t 
Our own recent summary of the technical s t a tus  of t h i s  a rea  w a s  reviewed 
i n  discussion. I presented what I believe t o  be the  most reasonable state- 
ments t h a t  can be made a t  t h i s  time about po ten t i a l  p i l o t  contributions t o  
la rge  space booster guidance and control. We discussed a$ length the  tech- 
n i c a l  problems associated with the  introduction of t he  p i l o t  i n t o  the  guid- 
ance and control  loop of current and forthcoming man-rated boosters. Some 
recent  research on p i lo t ed  booster performance w a s  examined. An exception- 
a l ly  c lever  technical  approach was made t o  the  problem of f i l t e r i n g  the 
p i l o t ' s  control  output t o  avoid cer ta in  frequency responses tha t  could e l i c i t  
dominant s t r u c t u r a l  bending mode responses. 
t h e  poin t  of view developed a t  t he  Naval Research Laboratory which has 
stressed the  elimination of "noise" from the  human cont ro l le rs  output. 
supe r io r i ty  of control  f i l t e r i n g  over d isp lay  f i l t e r i n g  w a s  somewhat sur- 
pr i s ing .  From a design standpoint it i s  usual ly  l e s s  cos t ly  t o  provide d is -  
p l ay  r a t h e r  than control  f i l t e r i n g .  
problem the  necessi ty  of eliminating ce r t a in  human cont ro l le r  responses must 
apparently require spec i f ic  output f i l t e r ing .  
This finding i s  consis tent  with 
The 
But i n  t h i s  pa r t i cu la r  appl icat ion 
On a question of general research  s t r a t egy  t o  t h i s  e n t i r e  area, it i s  my 
opinion t h a t  a somewhat more structured approach t o  the problem i s  i n  order. 
To da te ,  t he  research work (including our own) has been piece-meal and spec i f ic .  
Considering the po ten t i a l  importance o f  t h i s  manual control  system problem (and 
not ing p a r t i c u l a r l y  the  domain of recoverable boosters) a broader based tech- 
n i c a l  approsch i s  i n  order. 
* G%u&L +%u&L&L 
Frederick A. Muckler 
I M E M O R A N D U M  - - - - - - _ - - -  
10 February 1964 
To : Mr. V. Kloster 
cc : Messrs. S. G. Hasler, C .  W. North, Jr. 
From: F. A. Muckler and R. W .  Obermayer 
Subject: Contract NASw-869, Monthly Meeting No. 5, 4-7 February 1964 
Part ic ipants :  Mr. W. H. Ph i l l i p s ,  NASA Langley Research Center 
M r .  J. Whitten, LRC 
D r .  R. T. Saucer, LRC 
Mr. A. Vogeley, LRC 
Mr. J. J. Adams, LRC 
Mr. Robert W. Taylor, NASA Headquarters 
D r .  J. I. Elkind, NASA Research Advisory Committee 
M r .  R. W. Obermayer, Martin Company 
D r .  F. A. Muckler, Martin Company 
Place : NASA Langley Research Center, Hampton, Virginia 
NASA Headquarters, Washington, D. C . 
Tne purpose of t h i s  meeting was zii i n t r o & x . t ~ r y  e x ~ k l m ~ e  0' of informat4on 
on cur ren t  manned f l i g h t  research programs underway a t  Langley Research Cen- 
t e r  and our own contract  a c t i v i t i e s  i n  the  manual control  system area.  
extended tour  w a s  given of t he  f l i g h t  simulation f a c i l i t i e s  and programs 
cu r ren t ly  under way a t  Langley Research Center including fixed-based and 
dynamic rendezvous simulation. The Lunar Landing F a c i l i t y  was a l s o  v is i ted .  
An 
O f  considerable i n t e r e s t  w a s  a preliminary discussion on the d e s i r a b i l i t y  
and f e a s i b i l i t y  of extending work i n  the human performance area.  
of the  work, the kinds of f a c i l i t i e s  needed, and pa r t i cu la r ly  the  kinds of 
technica l  spec ia l i s t s  necessary, were examined a t  some length.  
it would be desirable  i n  the long run f o r  some cent ra l iza t ion  of t h i s  e f f o r t  
f o r  t h e  NASA. 
t i v e  than the  current  s t ra tegy  of decentralized research. However, complete 
cen t r a l i za t ion  i s  not technical ly  o r  managerially desirable.  
The nature 
In  our opinion, 
A " c r i t i c a l  mass" of  resources would be, perhaps, more produc- 
The f i n a l  day ( 7  February 1964) was spent a t  NASA Headquarters, Control 
and S tab i l i za t ion  Division, discussing the NASA current  approach t o  human 
performance research, spec i f i ca l ly  as it per ta ins  t o  guidance and control  
tasks .  
' oxLLu&u +u 
Frederick A. Muckler Richard W .  Obehayer 
M E  M 0 R A N  D U M  - - - - - - - - - -  
29 February 1964 
To : Mr. V. Kloster 
cc : Messrs. R. W. Obermayer, S. G. Hasler, C .  W .  North, Jr. 
From: F. A. Muckler 
Subject: Contract NASW-869, Monthly Meeting No. 6, 27-28 February 1964 
Part ic ipants :  M r .  C. H. Gould, NASA Director Control and S tab i l i za t ion  Division 
Mr. R. Bohling, NASA 
Mr. C. Janow, NASA 
D r .  Stanley Deutsch, NASA Biotechnology and Human Research 
Mr. Robert W. Taylor, NASA Technical Monitor 
D r .  F. A. Muckler, Martin Company 
Place : NASA Headquarters, Washington, D.C. 
rm e  purpose of this iiieetirig w a s  a rzlctlnz exzhmge zf i n f s r z i t i n n  nn CUT- 
r en t  contract  a c t i v i t i e s  under NASW-869. Extended discussions were held on 
the  proposed technical  a c t i v i t i e s  during the second quarter  of  the  contract  
period with respect t o  in te rac t ions  with the NASA Research Centers. It has 
been proposed t h a t  addi t ional  support on the manned booster guidance and con- 
t r o l  problem be given t o  both Marshall and Ames. 
a t r i p  w i l l  be made t o  t h e  Langley Research Center t o  continue our technical 
discussions with appropriate technical personnel a t  t h a t  Center ( see Monthly 
Meeting No. 5 ) .  
Following the  first of April, 
A b r i e f  discussion w a s  held with D r .  Stanley Deutsch, NASA Biotechnology 
and H u m a n  Research, on communality of ideas,  concepts, and programs. 
A t  t h e  present t i m e ,  w e  ant ic ipate  t h a t  among our other  contractual  out- 
pu ts ,  w e  w i l l  produce by the  end o f  the contract  period, s i x  top ica l  technical 
reports .  The de ta i led  out l ine  of the  f i r s t  - "Modern Control System Theory 
and Human Control Functions" - w i l l  be presented o r a l l y  t o  the  NASA Technical 
Monitor at a da te  a f t e r  1 A p r i l  1964 mutually agreeable t o  both. 
Frederick A. Muckler 
To: M r .  V. Kloster 
cc: Messrs. R. W. Obermayer, S. G. Hasler, E. W. R i t t e r  
From: F. A. Muckler 
Subject: Contract NASW-869, Monthly Meeting No. 7, 1'7 March 1964 
Part ic ipants :  M r .  C .  H. Gould, NASA Headquarters 
Mr. C. Janow, NASA Headquarters 
Dr. J. Lasalle,  RIAS 
F. A. Muckler, Martin Company 
Place : NASA Headquarters, Washington, D. C . 
?"ne purpose of t h i s  meeting was a rout ine exchange of information on cur- 
r en t  a c t i v i t i e s  i n  modern control  theory and r e l a t ed  a c t i v i t i e s  under NASW-869. 
Dr. Lasal le  discussed the current  s ta tus  arici possible futi~-e zct i ;5t ies  ef h i s  
mathematics group on the underlying theore t ica l  work on generalized control 
theory. Some of the problems of re la t ing  theory t o  both automatic and manual 
control  were reviewed. 
It i s  sometimes d i f f i c u l t  f o r  many t o  understand tha t  current  theory can- 
not be expected t o  have immediate hardware application. 
d i f f i c d t  f o r  many t o  understand that theo re t i ca l  research of today i s  f o r  
Pdture hardware applications.  
t o  be expecting t o  reach a desti.nation while s t i l l  t r ave l l i ng  toward it. 
It seems even more 
To expect a concurrent payoff i s  somewhat akin 
+&& d '  L.&& 
Frederick A. Muckler 
M E M O R A N D U M  - - - - - _ - - _ -  
21 March 1964 
To : M r .  V. Kloster 
cc : Messrs. R. W. Obermayer, S. G. Hasler, E. W. R i t t e r  
From: F. A. Muckler 
Subject: Contract NASW-869, Monthly Meeting No. 8, 19 March 1964 
Part ic ipants :  M r .  C. H. Gould, NASA Headquarters, Electronics and Control 
D r .  S. Deutsch, NASA Headquarters, Biotechnology 
F. A. MUckler, Martin Company 
Place : NASA Headquarters, Washington, D. C. 
Two technical  areas were covered i n  discussions held during t h i s  meeting: 
Both of these areas were dis-  
(1) current  s t a t u s  of a c t i v i t i e s  i n  the manned booster area,  and (2)  current  
s t a t u s  of manual system simulation i n  the NASA. 
cussed relevant t o  fu ture  programs iriciudiiig the S~-L@J sf mmced recover~hle  
boosters and simulation f o r  long-duration o r b i t a l  manned space s ta t ions .  
1. Under advanced planning the  concept of manned recoverable boosters i s  
perhaps one of t he  most promising and in t e re s t ing  of future  programs. 
t h e  major problems i s  t h e  po ten t i a l  contribution of the crew t o  recoverable 
booster  f l i g h t .  
en t  should be directed toward analytic study of po ten t ia l  t asks  within the  
framework of current  vehicle concepts. 
One of 
I n  the opinion of the undersigned technical  a c t i v i t y  a t  pres- 
2.  
t a i n  v i t a l l y  needed information about man's performance i n  sustained space 
f l i g h t .  
ing t r a in ing  checkout and t e s t  f o r  i n f l i gh t  research, generating data  base, 
and f o r  exploring ce r t a in  f l i g h t  safety items. 
The objective of the  long-duration space s t a t i o n  i s  t o  c o l l e c t  cer-  
P r io r  ground simulation i s  essent ia l  t o  an e f fec t ive  program f u l f i l l -  
Perhaps the  one point  i n  common t o  these two a c t i v i t i e s  i s  the necessi ty  
f o r  ca re fu l  planning and study p r i o r  t o  research and/or t e s t  programs e i t h e r  
i n  simulation o r  i n f l i g h t .  
only be  achieved i f  t h e  general and specif ic  goals of each program a r e  care-  
f u l l y  delimited i n  advance. 
The maximum information f o r  the  l e a s t  cost  can 
+ - G > u  
Frederick A. Muckler 
M E M O R A N D U M  - - - - - - - - - -  
2 April 1964 
To : Mr. V. Kloster 
cc : Messrs. R. W. Obermayer, S. G. Hasler, E. W. f i t t e r  
From: F. A. Muckler 
Subject: Contract NMw-869, Monthly Meeting No. 9 ,  30 March 1964 
Part ic ipants :  Mr. C.  H. Gould, NASA Headquarters 
Mr. R. W. Taylor, NASA Headquarters 
F. A. Muckler, Martin Company 
Place : NASA Headquarters, Washington, D. C . 
The purpose of t h i s  meeting w a s  a rout ine exchange of information on 
current  a c t i v i t i e s  under NASW-869. 
the  spec i f ic  topic  of t he  applications of modern cont ro l  theory t o  manual con- 
L ~ U I  theory aid zpp l l ea t i~ ; . ,~  t~ aircrzf+i ad. space vehicle concepts 
and development. 
Most of the  discussion concerned work on 
design, L-.-> 
Since the  NASA Technical Monitor ( M r .  Taylor) had not  been present a t  
the  two previous meetings, the  material covered i n  these pas t  meetings w a s  
reviewed with addi t ional  discussion. 
of physical  simulation of manual systems ( a i r c r a f t  or spacecraf t ) ,  the  ques- 
t i o n  again arose as t o  the  lack of specific methodological ru les  as t o  where 
and when physical simulation should be used i n  the  design and development 
process. Some ra t iona l  way of deciding the  tradeoff between t h e  expenditure 
of resources (t ime, money, f a c i l i t i e s ,  people) and the  amount of information 
required would be desirable .  
With respect t o  the  general problem 
+- ' A u f l L U & d  
Frederick A. Muckler 
28 April 1964 
To : Mr. V. Kloster 
cc : Messrs. R. W. Obermayer, S. G. Hasler, E. W. R i t t e r  
From: F. A. Muckler 
Subject,: Contract NASw-869, Monthly Meeting No. 10, 28 April  1964 
Par t ic ipants :  M r .  C. H. Gould, NASA Headquarters 
M r .  R. W. Taylor, NASA Headquarters 
Mr. R. Bohling, NASA Headquarters 
Mr . C . Janow, NASA Headquarters 
D r .  F. A. Muckler, Martin Company 
Place : NASA Headquarters, Washington, D. C. 
The major purpose of t h i s  meeting was t o  de l iver ,  as req- i i rzd  by t h e  csn- 
t r a c t u a l  agreement, the de ta i led  o u t l i n e  and summary of proposed Topical 
Report No. 1: "Modern Control System Theory and Human Control Functions". 
This report  covers the  re la t ionship  between ce r t a in  c r i t i c a l  aspects of 
modern optimal control  theory and the  problem of the  al locat ion o f  human con- 
t r o l  functions i n  a i r c r a f t  and spacecraft. 
It w a s  recommended t h a t  two f i n a l  t op ica l  reports  be generated from t h i s  
basic  material .  
n i c a l  audience introducing them t o  the relat ionships  between modern control  
theory and manual cont ro l  theory and hardware development. The second i s  a 
de ta i l ed  technical  report  specifical.ly f o r  spec ia l i s t s  i n  t h e  area of manual 
control .  
The first i s  a summary statement f o r  a more generalized tech- 
+ i  ' CAO- 
Frederick A. Muckler 
M E M O R A N D U M  - - - - - _ _ _ _ -  
7 May 1964 
To : M r .  V. Kloster 
cc : Messrs. S. G. Hasler, E. W. Ritter 
From: R. W. Obermayer and F. A. Muckler 
Subject: Contract NASW-869, Monthly Meetkg No. 11, 5 May 1964 
Part ic ipants :  Mr. R. W. Taylor, NASA Headquarters 
M r .  J. J. Adams, NASALangley Research Center 
Mr. G. G. Frost ,  USAF 6570th AMRL 
Mr. D. T. McRuer, Systems Technology, Inc . 
D r .  C. R. Kelley, Dunlap and Associates, Inc. 
D r .  R. 0. Besco, Hughes Ai rcraf t  Co. 
D r .  J. L. Nevins, MIT Instrumentation Laboratory 
D r .  J. I. Elkind, Bolt Beranek and Newman, Inc. 
D r .  Thomas B. Sheridm, MIT 
Mr. R. J. Wasicko, Systems Techl?ology, Inc. 
D r .  G. A. Bekey, UCLA 
Dr; I?, W, Pew; University of Michigan 
D r .  R. M. Howe, University of Michigan 
M r .  John Senders, Bolt Beranek and Newman, Inc. 
D r .  L. G. Summers, TRW Space Technology Laboratory 
D r .  F. A. Muckler, Martin Company 
M r .  R. W. Obermayer, Martin Company 
Place : San Diego, Cal i forn ia  
A t  t h e  IEEE Fi f th  National Symposium on Human Factors i n  Electronics 
(5-6 May 1964; San Diego), t h e  presence of many of the  s p e c i a l i s t s  working 
i n  t h e  a rea  of manual control  made it  convenient t o  hold an informal working 
session t o  discuss what s p e c i a l i s t s  are cur ren t ly  doing and what they a re  
planning f o r  the  future.  The undersigned discussed b r i e f l y  our current  work 
on modern control  theory and manual control functions. 
+kuQ&b& a f i ,h&ideGu 
Frederick A. Muckler 
Qa 
Richard W. ObeXayer 
M E M O R A N D U M  - - - - - - _ _ _ _  
1 July 1964 
To : Mr. V. Kloster 
cc : Messrs. S. G. Hasler, E. W .  Ri t ter ,  F. A. Muckler 
From: R. W. Obermayer 
Subject: Contract NASW-869, Monthly Meeting No. 12, 16-17 June 1964 
Part ic ipants :  M r .  R. W. Taylor, NASA Headquarters 
M r .  C. H. Gould, NASA Headquarters 
M r .  R. W .  Obermayer, Bunker-Ramo 
Place : NASA Headquarters, Washington D. C . 
Three technical  areas were discussed during t h i s  meeting: 
1. An informal o r a l  progress report w a s  presented on the  continuation of 
e f f o r t s  i n  modern control  theory suggested several  l og ica l  areas f o r  continua- 
t ion .  
exploration were discussed. 
+L bIIe modern c e c t r o l  +L----- blLrsvry -r--lr wvL1l 0 - A  +ha nnmllfnv u v A A a r c c v - A  _-____I cf11ii-i nc. _ _ _  par1 _ _ _ _  i p r  _ _  con t rac t  
The successes and problems encountered i n  following these l i n e s  of 
2 .  Problems i n  manual control  during approach ar-d landing of high-per- 
formance vehicles were discussed. 
3. Possible c l a s s i f i ca t ions  of mathematical descriptions of the human 
operator of manual control  systems were suggested and discussed. 
Richard W. Obermay&r 
M E M O R A N D U M  - - - - -  - _ _ - -  
15 Ju ly  1964 
To : Mr. V. Kloster 
cc : Messrs. S. G. Hasler, E. W. R i t t e r ,  R. W. Obermayer 
From: F. A. Muckler 
Subject: Contract NASW-869, Monthly Meeting No. 13, 6-7 Ju ly  1964 
Part ic ipants :  Mr. C. H. Gould, NASA Headquarters 
Mr. R. W. Taylor, NASA Headquarters 
D r .  J. Elkind, Bolt, Beranek and Newman, Inc. 
Mr. Ezra Krendel, The Franklin I r s t i t u t e  
D r .  F. A. Muckler, B-mker-Ram0 
Place : NASA Headquarters, Washington, D. C . 
- - - - - _ _ - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - -  
1. The i n i t i a l  purpose of t h i s  meeting w a s  t o  present t o  the  NASA Tech- 
n i c a l  Monitor t h e  technical  ou t l ine  of a proposed topic& report ,  " F i l o t  %- 
Entry Guidance and Control". 
state of t he  art with respect t o  manual cont ro l  modes for re-entry vehicles.  
The report i s  designed t o  cover the  current 
2. On 7 July,  t he  undersigned met with Col. Gould, Mr. Taylor, and two 
other  members of the  NASA Research Advisory Committee on Control, Guidance 
and Navigation t o  discuss: (1) current NASA e f f o r t s  i n  the area of manual 
guidance and control ,  ( 2 )  fu ture  t r e n d s  i n  t h i s  area, and (3)  current  s t rengths  
and l imi ta t ions  of NASA technical  effor ts .  Tne other  two committee members 
a re  D r .  Elkind and Mr. Krendel. 
e f f o r t s  t h a t  could be made by the three committee members present i n  supporting 
the  a c t i v i t i e s  of the committee i n  general. 
O f  par t icu lar  i n t e r e s t  w a s  the  poss ib le  
7 d Q . W  
Frederick A. Muckler 
M E M O R A N D U M  - - - _ - - - _ - _  
10 September 1964 
To : M r .  V. Kloster 
cc : Messrs. S. G. Hasler, E. W .  R i t te r  
From: F. A. Muckler and R.  W.  Obermayer 
Subject:  Contract NASW-869, Monthly Meeting No. 14, 2 September 1964 
Par t ic ipants :  Mr. C .  H. Gould, NASA Headquarters 
Place : The Bunker-Ram0 Corporation, Canoga Park, Cal i forn ia  
M r .  C. H. Gould, Director of the Control and S tab i l i za t ion  Division, 
NASA Headquarters, under whose direct ion Contract ~ ~ ~ w - 8 6 9  v i s i t e d  tech- 
n i c a l  personnel and f a c i l i t i e s  at The Bunker-Ram0 Corporation. The follow- 
i n g  a c t i v i t i e s  were completed: 
1. The current  technical  a c t i v i t i e s  under Contract ~ ~ ~ w - 8 6 9  were 
reviewed and c r i t i c a l l y  examined. 
2. M r .  Gould met with Mr. A. P. Stern,  Director of Engineering, and 
Mr. S. G. Hasler, Manager of t he  Systems Effectiveness Department, t o  dis-  
CUSS cur ren t  Bunker-Ram0 programs of possible  i n t e r e s t  t o  M r .  Gould. 
3. A general review of f a c i l i t i e s  and programs were presented t o  
M r .  Gould. This included: (1) the  FAA TALS all-weather landing simula- 
t i o n  program, (2 )  d isp lay  development a t  Bunker-Ramo, (3)  s o l i d  s t a t e  
and th in- f i lm developments, ( 4 )  automatic mapping programs, ( 5)  anachoic 
chamber, and (6 )  human fac to r s  laborator ies .  
W.- 
Frederick A. Muckler 
M E M O R A N D U M  - - - - - - - - - -  
1 November 1964 
To : M r .  V. Kloster 
cc : Messrs. S. G. Hasler, E. W. f i t t e r ,  R. W. Obermayer 
From: F. A. Muckler 
Subject: Contract NASW-869, Monthly Meeting No. 15 ,  21 October 1964 
Part ic ipants :  M r .  R. W. Taylor, NASA Headquarters 
Place : NASA Headquarters, Washington, D. C.  
The following technical  areas were discussed i n  t h i s  meeting: 
1. Further evaluations were examined as t o  t h e  app l i cab i l i t y  of 
modern optimal control  system t h e o r y t o  manual control  systems. Particu- 
l a r  a t t e n t i m  VE?S given t o  the inverse optimal control problem. 
2. A review w a s  made of t he  current plans f o r  submittal  of top ica l  
t echnica l  reports.  
3. Future theo re t i ca l  and experimental p o s s i b i l i t i e s  f o r  t h e  appl i -  
ca t ion  of modern control  system theory were examined. 
4. An informal review w a s  held of t h e  research s t r a t eg ie s  cur ren t ly  
employed i n  the manual control  system area. 
5. Plans were made f o r  the  presentation t o  be delivered a t  the  
j o i n t  University of Michigan-NASA Working Conference on Manual Control 
Systems, Ann Arbor, 3-5 December 1964. 
Frederick A. Muckler 
M E M O R A N D U M  - - - - - - - - - -  
1.5 November 1964 
To : M r .  V. Kloster 
cc : Messrs. S. G. Hasler, E. W. R i t t e r ,  F. A. Muckler 
From: R. W. Obermayer 
Subject: Contract NASW-869, Monthly Meeting No. 16, 4-6 November 1964 
Part ic ipants :  D r .  George Kovatch, Electronic Research Center, NASA 
MI-. E. Hilborn, Electronic Research Center, NASA 
D r .  J. Elkind, B o l t ,  Beranek and N e w 1  
Place : Electronic Research Center, NASA 
Boston, Massachusetts 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The pr inc ipa l  purpose of t h i s  t r i p  w a s  t o  consult with members of the  
Tiis meetings to& p l z e  ever  the cnlirse 
newly formed Electronic Research Center of the  NASA with regard t o  relevant 
topics  i n  manuai c o n i r o i  systems. 
of t h ree  days and a t  three  places: (1) the  18th Anlnual Northeast Electron- 
i c s  Research and Engineering meeting, (2)  the  NASA Electronic Research 
Center, and (3 )  a t  B o l t ,  Beranek, and Newman - a l l  i n  Boston Massachusetts. 
During t h i s  time, the  s t a t e  of the art of manual control  theory and 
methodology w a s  thoroughly discussed. 
of t he  human operator and simulator research were emphasized, together 
with requirements f o r  associated f a c i l i t i e s  and equipment. The discus- 
s ion of these items continued at BB&N with D r .  Elkind, with t h e  em3hasis 
t he re  on mathematical models and optimal control  theory, and a complete 
demonstration of BB&N experimental and computer f a c i l i t i e s .  
In  p a r t i m l a r ,  mathematical models 
Richard W. bbermayer 
M E M O R A N D U M  - - _ - - - - _ _ -  
3 December 1964 
To : Mr. V. Kloster 
cc : Messrs. S. G. Hasler, E. W. R i t te r ,  and R. W. Obermayer 
From: F. A. Muckler 
Subject: Contract NASW-869, Monthly Meeting No. 17, 24 November 1964 
Part ic ipants :  Mr. R. W .  Taylor, NASA Headquarters 
Place: NASA Headquarters, Washington, D O C .  
The following technical  subjects were discussed at  t h i s  meeting: 
1. The top ica l  d r a f t  report  on "A Bibliography of Russian Sc ien t i f i c  
and Technological Literature i n  Manual Control Systems and Associated 
Areas w a s  reviewed. 
2 .  The topica l  report  d r a f t  on "Simulation, Models, and G a n e s :  
Sources of Measurement" was c r i t i c a l l y  reviewed. 
3. Some discussion w a s  held on the  presentat ion f o r  the  University 
of Michigan meeting i n  Ann Arbor f o r  3-5 December 1964. 
4. The general and pa r t i cu la r  problem areas in the  f i e l d  of' man- 
computer re la t ionships  were discussed a t  length. 
Frederick A. Muckler 
To : M r .  V. Kloster 
cc : Messrs. S. G. Hasler, E. W e  Ri t t e r ,  and F. A. Muckler 
From: R. W. Obermayer 
Subject: University of Michigan-NASA Working Conference on Manual Control 
Systems; Monthly Meeting No. 18, 3-5 December 1964 
Part ic ipants :  R. W .  Taylor, NASA Headquarters 
Spec ia l i s t s  i n  Manual Control Systems 
Place : University of Michigan, Ann Arbor, Michigan 
Approximately 73 technical  spec ia l i s t s  i n  manual con-rol  systems met 
a t  the  University of Michigan t o  discuss a broad range of problems i n  human 
operator control.  The meetings held over the  period of 3-5 December 1964, 
consisted of presentations by the majority of t h e  attendees - resu l t ing  i n  
a series of highly intensive sessions. 
theory, models, measurement, applications,  and techniques. As many sa id ,  
it w a s  ". . .a chance t o  see it a l l  at once." 
Tne topics  discussed rmged ~ v e r  
A s  a p a r t  of these meetings, the wr i t e r  discussed current  a c t i v i t i e s  
i n  the appl icat ions t o  manual control of modern control  theory, review of 
t h e  Russian l i t e r a t u r e  i n  manual control,  and problems i n  the  study of 
p i l o t  eye movements. 
O p t i m a l  Control Problem i n  Manual Control Studies", were made avai lable .  
Preliminary copies of t he  report ,  "On the  Inverse 
qu. &- 
Richard W e  Obermayer 
M E M O R A N D U M  - - - - - - _ - _ _  
18 December 1965 
To : M r .  V. Kloster 
cc : Messrs. S. G. Hasler, E. W. R i t t e r ,  and R. W.  Obermayer 
From: F. A. Muckler 
Subject: Contract NASw-869, Monthly Meeting No. 19, 11 December 1964 
Part ic ipants :  M r .  R. W .  Taylor, NASA Headquarters 
Place: NASA Headquarters, Washington, D. C . 
The following items were discussed during t h i s  meeting: 
1. The general and par t i cu la r  resu l t s  obtained during the j o i n t  
University of Michigan-NASA Working Conference on Manual Control Systems 
held a t  Ann Arbor, 3-5 December 1964. 
2 .  The technical  content of the  top ica l  report  d r a f t ,  "On the  Prob- 
l e m  of Inverse O p t i m a l  Control" was reviewed. 
3 .  The general work schedule for the remainder of  t he  contract  was 
reviewed. 
4. Some discussion was given t o  the  proper d i s t r ibu t ion  of t he  topi-  
c a l  repor t  surveying the Russian l i t e r a t u r e  on manual control  systems. 
+*G h - h ~  
Frederick A. Mixkler 
M E M O R A N D U M  - - - - - - _ - - -  
28 January 1965 
To : M r .  V. Kloster 
cc: Messrs. S. G. Hasler, E. W. R i t t e r ,  and R. W. Obermayer 
From: F. A. Muckler 
Subject: 
Par t ic ipants :  M r .  R. W .  Taylor, NASA Headquarters 
Place : NASA Headquarters, Washington, D. C . 
Contract NASW-869, Monthly Meeting No. 20, 25 January 1965 
The following i t e m s  were discussed during t h i s  meeting: 
1. Since funds were s t i l l  remaining under the or ig ina l  contract ,  a 
request was made for an addi t ional  no-cost t i m e  extension t o  cover the  
period of 2 February 1965 t o  2 May 1965. 
2.  The f i n a l  top ica l  report  on "simulation, Modeis and G a m e s :  Sw-m~es  
of Measurement" was thoroughly discussed. 
3. Some discussion w a s  given t o  on-line data analysis  of performance 
measurement i n  manual control system s tudies .  
4. The general problem of the  correlat ion of handling qua l i t i e s  w i t h  
object ive performance measures was again raised. 
+4Q -?-L"dL 
Frederick A. Muckler 
M E M O R A N D U M  - - - - - - - - - -  
1 2  March 1965 
To : Mr. S. G. Hasler 
cc: Messrs. E. W. R i t t e r  and R. W .  Obermayer 
From: I?. A. Muckler 
Subject: Contract NAsw-869, Monthly Meeting No. 21, 9 March 1965 
Part ic ipants :  Mr. C. H. Gould, XASA Headquarters 
M r .  R. Winblade, NASA Headquarters 
D r .  F. A. Muckler, Bunker-Ram0 
Place : NASA Headquarters, Washington, D. C . 
The following items were discussed at t h i s  meeting: 
1. The problem of defining the  space f l ight experiments t h a t  might be 
required f o r  manned guidance and control was noted. 
w a s  t o  prepare a survey of such experiments t h a t  might be indicated for 
fdture  manned o r b i t a l  and space f l i gh t s .  
The assignment given 
2. Some discussion w a s  held on the appropriate pr in t ing  and d is t r ibu-  
t i o n  of the  reports  t h a t  have been generated from t h i s  contract .  
agreed t h a t  some of t he  reports  would appear as NASA Contractor Reports 
while some d id  not warrant fur ther  reproduction although su f f i c i en t  copies 
have been made ava i lab le  f o r  any future requirements. 
It  w a s  
. Qh--&L + A 4 L & A  
Frederick A. Muckler 
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30 March 1965 
To : Mr. S. G. Hasler 
cc : Messrs. E. W. R i t t e r  and R. W. Obermayer 
From: F. A. Muckler 
Subject: Contract NASW-869, Monthly Meeting No. 22, 23 March 1965 
Part ic ipants :  Mr. C. H. Gould, NASA Headquarters 
M r .  R. Bohling, NASA Headquarters 
Dr. F. A. Muckler, Bunker-Ram0 
Place : The Bunker-Ramo Corp., Canoga Park, C a l i f .  
Based on telephone request from Mr. C .  H. Gould, a preliminary report  w a s  
prepared on "Manned Guidance and Control Space F l ight  Experiments" covering 
four c lasses  of projected space f l i g h t  experiments: 
1. Basic research: Investigations of t he  human con t ro l l e r  as af fec ted  
by the space environment. 
2. System design techniques: Verification of  ex is t ing  theory, tech- 
niques, and da ta  i n  manual guidance and control .  
3. System and subsystem evaluation: Studies of and evaluations of 
system and subsystem performance. 
4. Engineering development: Verification of control-display concepts 
and techniques f o r  manual guidazlce and control  tasks. 
Some 18 projected space f l i g h t  experiments were t en ta t ive ly  described within 
these fou r  main categories .  
The preliminary repor t  w a s  submitted t o  NASA on 23 March 1965. 
I 
Frederick A. Muckler 
